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EFFECT OF VARIABLE’SIN WELDING TEC!EUWW @N THE STRENGTH @F

DIHECT+XE9ENT l@UML+I?O+ELIIED JOINTS IN AJRCIWEP STEEL

I - STL”IC T.XNSIONAND BENDING FATIGUE TESTS OF
-.

JOINTS IN SAE 4130 ~= SHEET

By C. B. Voldrich and E. T. Armstrong ..

Arc-welded butt Joints ~ @-j.nch SAE 4130 steel sheet of aiicraft
qualityj which were made under various conditions of welding and heat
treatmmt, were tested to evaluate the effects of specific weld@&
tecknique factors on the strength of the Joints. The results of the te~
sib tests iadlcated that crater blowholes, or crater cracks> prcduced by

-interrupthg the weld, had the most pronounced i@”luence cn the t.r8n8-
Verse tensilo strength of the but+welded. specimens; that ycsition of
WOldi~ had no si@fic&at effect on the tensile &rength of ~ grCUp Of
specimens; that preheating produced no increase ~. either the so~dnee~
or strength of the welds; and that w&@s made with alloy-steel electrcdOS
were stroQer than those made with plaimeaybc~teel electrodes.. It was
Yo’andthat the factor having the greatest-influence on the plate-bendx
fatigue strength of the.welded specfiens was the external stress-raiser
at the”toe of’welds in the reinforced specimens. .

INTRODUCTION
.

.,,
The increasing uee of Utal-arc welding in the fabrication of steel

aircraft structures, brought stout by the desire fer incre8sad prcd~c-t:ion
=d ether advantages tiherent h the metal~c+eldtig method, has also
brought into focus certain of ita limitations. The lqvel @f wel~bility
of aircraft steels, for example, is a very important factor, and the suit-
ability of various types of electrodes fcr aircraft welding has been ex-
tensively investigated. ‘Ihedevelopment of proper wel@ tec~iques ~s
also Imen givan much attention, since experience has sh- that manY of
the difficulties in the fabrication of welded airframes, such as d.isto~
t}on, cracking, and certain type’s,ofweld defects, may have their Wigin

. .in .faultjwelditi’teckq,ique. ,
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The influqnce of weld yenstration, ccntour, craters, Undercutting,
elmtlar factors on the structural iiitegrityof aircraft joints is

●

c

reco~izcit, but the degrees in which these ftictors”affect the static ana
dynunic strength are not yet fuily understood. This investigationwas
originally se% u} to study the effect of thoss factors and several others,
such as hardness, grain size, amd “chemical.-c~osit~on gradisn.tsjon the
strength of ~oimts in SAE hljO aircuaft steel welded by the dlract+urrent
metal-arc methcii. These factors ara influentiedby the skill of the weld-
ing operator, type and size of olectrcde.,welding currotit_jspeed E@ yosi-
ticn of welding preheat, heat tros,tmat after welding, &d the size, gecb
etry, degree of restraint, and sufiace conditions at the weld Joint.

The investigation reportqd herein was conducted under the sponsorship

—

and with the financial aeuisttico cf th”eNational Advisory Cozud.tteefor
Aeronautics.

MATERI$L S”ANDEQUIFNENT .

Steel.- All mstal~c+elded specimens for the static tension and
bending fatigue tests described in this report were.made from aircraft-

b

quality SAE 4130 gtml.shekt, l/&ti.ch thick. The ‘chemicqlcomposition
and strength of the.material ark.given in table 1; 4

Welding electrodea.-The electroilesuseclin the w@ding of the test
specimens were a ‘plain-carbon-steelelectrc@ and an aircraft welding
electrode which produces an alloy-steel weld.mtal. It was specified, on
the basis of a questio~aire s&t to aircraft factorie~~ tkt Wilson No.
5@0 and Lincok Xlanew?ldNo. 1 electrodes be used.

Welding machine.- It was further specified that a direc+~rent
motor-&eneratcr welding machlrie,of the type designed for airframe weld- .
ing, be used. The use of crater-eliminatiruzdevices (remote curriht
control) was not desired.

STATIC TENS\ONT~S OFMETAL-J!RC+ELIED SAE
..

Pre~aration of Spectiens

4130 STmslmlm

,:

Welded tension spec@ene were p~epared in l/8-tnch EXE 4130 sheet as
shown in figure 1 with weld~ conditloti “as@ven intable 2. For each
combirsticn of welding Conditiou (electrodejpreheat, position, and.heat 4
treatment after welding), eight tension s~ecimens were-made. Four of
these ‘specimenshad a weld
when required,,outside the

r

qde in a co~tinuous bead With the arc break,
bo~@ries or t~e tension nupoq. The four r

——.
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ot4er specimens were made with ti=z@Qwus.welds; that is> -theweld was..s
Et@xped, the cra+~r clesil~ in the usual mu!ner, and welding resumed at
definite pcints aUng the @gch of the weld groove. The tension speci-
mens were then cut to include the interrupted ~crtions of the wblds.,..

The welds were mzde nunually in a single bead from one side only,
with current and.~eed ad~~ted to obtain the maximum root fusion pcssi-
ble without the specimen melt~g through. Neither me+Allic ncr refrac-
tory strips were used to b&ck up the weld groove. The shgle-bead wel~
was used, rather than a Joint welded frcm both sidee, because (a) the on=
side butt weld iB often encc~tered in aircraft work and is nore sensitive
to Internal defects, (b) it was desized to test a weld with no seccndary
heat effects resulting frm a root or reinforcing pass, and (c) the seoond
pass would have el~ted. inco~lete f~~on at the root, which was also
to be studied. . .

The face of the s~le--bead weld and irregularities on tk”~ot side
were ground approxi~tely flush with the surface of the sheet, lut no.at-
te~t WaS ~de to remove undercutti~ or to cbtain a perfectly flush or
smooth surface.

— ._

& The ~erage and arc voltage report~d in table 1, as well as in
succeeMng tables of welding &ta, were ~aeured @S accurately as possi-
ble with sensitive meters. Treheat temperatures were measured to AIOC F.

4 Welding speeds (arc t-) were ~asured with a stop wktch. ~ stress-
reli,efand heat treatments of ~ 4130 steel ~pecmens (includingbutt-
welded sheet ~d fi~et-welde~ tu~e-p~ate spec~ns, reference 1) were
done in a salt bath> except that ~w@ of quenched specimens was done
in an electric muffle furnace.

Radiographs of Weld Jotits

After nachining, all specimens were X-rayed to locate thetiterrupted-
weld areas and other defects. Frints of these X-rays are shcwn in figures
2 to 17, with the ultimate te~ile strength of each specimen and the weld-
ing conditions use~ for each group of eight specimens.

—

Although the four spec~~ at the left of each radiograph had Con-
tinuous welds and were meant to be as sbund and fully welded as pcssible,
there were numerous instances in which these welds had pronounced defects)
principally lack of fusion at the root. With tie or two exceptions, how-
ever, the presence of these defects in the continuous welds did not serio-
usly reduce the static tensilp strength.

. In the four specimepe at the r~ght in each radiograph, the number of
weld.defects was comiderab~ greater, and there were distinct tidl~tic~
of crater blowholes, transverse crater cracking, and incomplete fusicn at

t the start of the second pass. These defects 4 the interrupted welds had
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an appreciable effect cn the
flaw in the interrupted weld
strength, but if the resuJ.ts
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static tensile strength. The yresence of a
did not in every case cause a reduction in
are analyzed by grouys, it becomes evident

.

r?

that the continuous welds were st.~er than the interruptedwelds, even
though the radiographs in some cases indicate that one group was no better
than the ether.

Static Tension Tests

The ultimate tensile strength for each specimen
radiographs, and the average strsngth for each grouy
given in table 3A. The@e data show clmrly that the
ruptions is to reduce the static teuile stren@h of

is shown in the
of four specimens is
effect of weJd inter-
the immediate weld

area. It Is interesting to note that the posi~i~n of welding had llttle
effect on the strength of the joints; j..ndeed,in this series of tests the
average strength of the overhead welds was slightly greater than the
strength of the flat and vertical welds. Preheat, likewise, had no dis-”
cernible effect on the etrength of the welded Joints. This might not be
the case, however, for Joints immaterial thicker than 1/8 inch.

The effects of heat trsat~nt after weldix@ are also given In table
3A. Th6 welds made with’plain-carbon-steel electrodes gained about 30
percent in twmile strength, for both continuous and interruptedwelds,
as a r~sult of the heat treatment used. The welds msde with alloy-steel
@lectrod@s gained 40 percent (intorruptsdwelti) to ~0 percent (ccntinu-
ous welds) in strength after,heat treatmsnt.

A summary of the static-tension-testdata is given in table 3B and
shows the decrease in”tensile str~gth caused by interruptions in the
weld.

An analysis of the location of tensicm fractures is given in table
3C with s@nificant points as follows:

1. All heat-treated specimens made-with carbon-steel”electrodes
failad in the weld.

2, All heat-treated interrupted-beadspecimens made with alloy-steel
elp.ctrodesfailed in tha weld.

3. Most of the heat-treated co&tj.nuous+ead spec~e~ m~ with
alloy-steel electrodes failed in the weld.

4. All as--weldedinterrupted-beadspecimens made with’”carbon-eteel
electrodes failed’in the weld.

‘

$
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5. Over cne-th~rd of tineas-welded
with carbon-s+~el electzcdes
the parent @ate.

continuous-bead
had weld joints

6. Three-fourths of the a~-welded interrupted-bead

-5

specimens made
stronger than

specimens made
with alley-steel electrodes failed in the weld. .

7. Only one-fourth of the as-welded continuous-bead specimens ~de
with alloy~teel electrode failed in the weld.

FATIGUE TESTS OF MECi!~.wC-ED SJS!Z4130STEELSHEEL’

Preyarati.onof Specimens

Metal-arc-welded fatigue-test spec~ns were made from l/8-inch SAE
4130 eteel ~heet as shown in figur~s 18 and 19 with weldlng ccntiticns
deecrib~d in table 4. Normalized.plates were Us8d for all specimens, %ut
no heat treatment after welding was used.

.
The butt ~otit wae a 90° closed single groove. (See fig. 18.) The

weld was Mde eit~r @.th two beads (root ~ face), or with a sin@-
4 faCe bead, by usir~ yhin-carbo~teel welding electrodes. Some speci-

mens in each set were ~de with continuous ~nual welds across the entire
width of the p~te, ~others were ~de with fiterrupted welds to pro-
duce a crater at the center of the s2ecimen. (See groups 3, 4, 7, and 8,
f’ig.I-8.)After the first half of the interrupted face bead was completed,
the crater was tire-brushed but otherwise not disturbed. The remaining
half of th bead was then welded with sufficient pause at the.crater to.
permit good penetration in that area. No attempt was made, however, to
fuse co~letely the crater cracks or blcwholes.

The plat~s were preheated to 3@0°F before welding in order to,oh-
tain easy st~t~ condit~c~ ad unifo~penetraticn for the entire
length of the weld.. h’the twebead specimens the root weldwas made
first, so that the face weld could be deposited more easily with hi&er
heat input and maximum penetration withcut danger of melting through the
feather edge of the s,carfedjcint. The welding current, aro volt~e, md.
welding t- we~e m~8ured with aut~tic reoording equipment and are
given in table 4. .-..

The welded speci~ns were thentined with the aid cf a templet and
Jig to the contour shown in figure.19. This taper contour provided for

. a const-t fiber stress in the,.regicnof the weld when the specimens were “-
tested.in.bending fatigue as cantjilever”bem. After contour @lUng, ““ -

half of ths speciuns were groLu@ on both sides to a smooth ”surfacewith
b no weld reinforcement (groups 2, 4,.6, and 8, fig. 18).

Sp13ChEE31@ were left with the ~,tural we~ rei~o~ce~nta
and 7, fig. 18).

The remaining
(groups 1, 3, 5, .
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Rdi~~@s Of Weld Joints . #

Prior to fatigue testing, all welded specimens were X.-rayedto bring
out internal def%ets at the wa:.ds.

.—
ThS radiographs are showflin figure~

21 to 28. The -locationof-fatigue failure is indicated in the radiographs
..-

by hcr?zcntal arrtiwsand is discuseed,in the succed.bg ~ections.

Fatigue Tests

The plate-kending fa.ti~wetests were carried out on”~ 10&pmnd
capac~ty Krouse plate-bending machine with a maximum deflectim of +1 inch.
The specimens were g~ipped at the wide taper end, and the load was applied
at the narrow taper end throu@ a c- SXM, the threw of which could be
ad$zeted by rreansof an eccentric rotor. A tj_pical+specimenready for
testing is shown in fi$yz-e20.

In order to obtain the mtihmm fiber stress in the reduced section
of the test specimen,”sgvel*~ repre~entatfve ~pecimens”werefirgt c~i-
hratsd.by ficasUr~ the deflection at the load””~ndfor several increments
of dead+~ei@t loading. The stress fcr a given deflectio~ was computed

_..

from the cantilever--hemfor~la, tid the testing machine-was then adjusted
for Leflectione to produce the desired stress h the.region of the weld. &

In crder to check this niethod,a representative .gurf~c?grmnd syeci-
-.

men was equiyped with electrical-resistancestrain gages on both surfaces,
spanning the weld zone, and the stresses at various deflections were meas-
ured. It was found tht the stresses measured by the strq~n-gage methcd
checked within 5 yercent of $he stresses ccqutad by the lcad~flection
method.

Ths several groups of”Specti.enswere loaded at various etress le”~els
(see table 5) and the test was carried to failure, or to not less th~
about 5 million cycles of completely reversed bendi~ stress. All speci-”””
mans were tested “inthe as-welded condition. Tie fati~e?trength of the
specimene is gi”ve~in table 5, tid the data tie grayhed in-fi$ures 29 ad
30. These figures also show reference E-W cu>ves~“takenfrom another -
Vewtigati.onon l/8-tich Sm 4130 8teel with the same mechanical and chem-
ical properties, for unwelded specimens with-no surface treatment and
with the surfaces ground smooth.

Results of tests on twc+bead weld specimens.- Figure 29 shcws the
fatigue strength of spec~e~ with face @d reot beads, with continuous
~d interruptedweldsj ~.& with full rei~orcetint arid-’a.s-tifac~ound
weld. The specimens with two-b~ad, continuous, surface-~o~d welds

w

(group 2) had the highest fati~e Strength, which was appreciably higher
than that of the unwelded cont~ol speci&m& with no
(line B), but belcw that of surfac~ound unwelded

suriice treaimeni 4
plate (lineA). The
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hy the lower a trength
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line), although no in+~i~ we] d effects were disce-ble in the radi-
grayhs (figs. 22(a) and 22(1?)). .,

.“.

The varied location of the gromp 2 fatigue frsc~v?%e a180 indicated
that the decreeae in fatigue atrmgth frcm the line A level Cotid zct be
attributed solely to welding effects. It is keideved that the surface
ddcarburization remaining in the specimens (the surfaces of which were
not machinai.so deep as the line A epacimens) contributed t> the decrease-
in fatigus strength. It is alsa significant that the groul 2 specimms,
which had only a few thcus~dths of an inch removed from the surface,
were str~er ~ fatiglleth~ the l~e R ~velded Specmns which had no
8urface trpatment. .

Continuous two-bead weld.spec~~~ with full reinforcement (grCUp-1)
had a much lower fati~e etrergth t~ s~~r gurfaco-grcund qpecimens
(group 2). In all cases the specimens in grcup 2 failed at the toe of
the larger (face) bea~~d thus indicated the pronounced effect of the
stress concentration at that point. (See radiographs, figs. 21(a) =d
21(b).)

The interrupted-weld syecime~ with full.reinforcement (greup 3)
also failed at the tee of the face bead. (See radiographs, figs. 23(a)
ad 23(b).) Probably there were internal defects at the pcint of inte~
ruption of the wsld, but they ~ net visib~ in the radiographs and, if
pr~sent, had nc c-e to ~fluence the fat-e stre~th beca~e of the
greatw influence Of the exte~ stress-raiser at the tce cf the face
bead. Figure 29 shows that the toe-of-weld”stress-concentration effect
was ~eater for the ~ter~pted+eld spec~ens (grow ~] than for the

continuous-weld specimens (group 1). This is possible because the face “
bead in the group 3 spec~~ was higker ~d fi~er with incipient over-
lapping at the weld interruption.

The surface-ground, interrupted, two-bead welds (group 4) had a
higher fati~e stre~tht~ the co~~an spec~e~ ~th full reinforce-
ment (group 3). The radiographs in figures 24(a) ad 2b(b)”indicate that
the kcaticn of ’fati~e fail~e of the group 4 Spectiefis was influenced
bY tho presence Qf crater defects at the weld i~ter~yticn, dtho~h the
fatigue strength of weldmgtal iteo~~ my have had an effect.

It is significant tkt the ~t~~@. defects in the specimens of
group 4 had a less delet~ri~us ~ffect On the p~t~boti~ fatigue
strength than the exte~l to~f+ald stress–rai~er8 (which might well
be called ~g$acts as far ~ fatig~e strength is c~ncernod) in tho CC~~
i-n group 3 ‘specimens. In bending, the surface of the spbcimens is rcohe
highly stressed t~”~ke ~~e~l fibers. k axial lsading the stre$a is
nearly uniform across the section, end inter~al defects of the ma~ituds
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shm~ h f%gures 24(a) md 24(b) wotid nC doubt exert a 6reater tflluen?e
on fat2gue strength.

Results of teats on sin@e-bead weld specimens.- F@ure 30 preeents——.— .————
the fatigue data on epecLmems with continuous and inter.zn.zptedsingle-bead
welds with and without weld rein.forcemeut,.There Is no si~ificant dif-
ference in th8 fatigue behavior Of’’theVariOUS trees of welds (aOUPS ~,
6, 7,”and 8) so faras tb,eS-N data’are concerued. The mly group which
departed appreciably from the base he B for unwelded syecimens is group
8, in which laree crater.blowholes were yresent at the weld lnta’ruptlon.
(See radiographs, fig. 28.)

The continuous single-bead,mnx?ace-ground specimens (group 6) failed
outside the weld zone at the end of the tapered seGtion because pf tha
~econdary stress concentration at the chemge of section at the grip.
(See fig. 26.) The two sets of specimens with reinforcement intact
(grou~s 5 and 7) failed at the toe of the weld. Group 7 had internal
crater defects of co~sidemble size (see fig. 27, particukrly specimen
586-7),but these had no effect on the fatigue strength.

Typical fe..lguefractures.- Figures 31, 32, and 33 show typical
plate-bending fatigue fvactures for the various types of weld specimms.

DISOUSSZON OF RESULTS

Static Tension Tests

The most pronounced influence on the tran~verse tensile strength of .
the butt-welded spectiens appeared to be that cf the crater blowholes or
orater cracks, which were produced by interrupting the weid. In most
cases this condition caused a decrease in the strength frcm that of.c~
panlon continuous-weld s~ecimens which had no crater defects. .

Some of the continuous-weld specimens @d ctber weld defects (lack
of complete penetration to the rootof the weld), but these had less ef-
fect on the transverse teulle stre~th than the crater defects in inte~
rupted-weld specimens. ‘

The position of welding had no significant effect oz.the tensile
strength of’any group of ~pectiens, other conditio~s beipg equal,

Preheating of the plates to ~00° F produqqd no increase in either.
the soundness or strength of.the welds. This does not mean that preheat
is unrmcessary in metal-arc welding of the aircraft 8trUctUrd. steels.
It”ie often desirakle to use preheat .topreve~t-cracking of the steel
ad~acent to’the weld. The present indications are, however, that “
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● preheating is of dcubtful value as a msans of improving the quality of
welds (absence of crater or root defects) in thin plates.

The welds made with alloy-steel electrodes were strcnger than those
made with plain-carbo~steel electrodes. The degree end character of
weld defects Were coqarab~e for both t~es of electrcde~, but the added
strength of the alloy-steel wel~ helpad to nullify the effect of weld
defects. The alloy-steel welti also shcwea a greater increase in strength
when heat treated after welting.

It is to be noted that all these data are for single-bead welds with
the face reinforcement removed. If the weld reinforcement had not been
removed, the increased.cross section at the weld undoubtedly would have
cause-dmore failures in the parent plate or at the fusion zone at higher
strengths. In such welds the effect of intermal defects would be less
pronounced then when the reinforcement is removed.

Fatigue Tests

In the eight types of weld-joints tests (see fig. 18), there were
two princiyal differences:

1. The joints either had the natural weld reinforcement or were
machined flush with the surface of the plates.

2. The joints either had a sound weld (ccntdnuousbead) or a weld
with internal crater defects (interrupted bead).

The factor which had the greatest influence on the plate-bendir~
fatigue strength of the welded spectiens was the external stress-raiser
at the toe of welds In the remorced specimens. The internal stress-
raisers, caused by crater blowholes or cracks, caused.failure only when
the weld.reinforcement (and hence the external stress-raiser)was removed.
The probable e@ana.ticnfor this was that in the plate-bending test, the
surface had a higher stress than the internal fibers. If a uniformly
distributed stress were used (axial tension fatigue) tk? influence of im
ternal defects would be more pronounced. However, the effect of external
stress-raisers at the tee of reinforced welb would still be critical.

No specimens were tested in this series which were heat treated
after welding. Results of tests on other plates of welded specimens (ref-
erence 1) indicate that while the fatigue strength my improve if the te~
sile strength is increased by heat treatment, the effect of stress concen-
trations arising from geometry of the ~olnt is very great and all but
vitiates @ ~rovemnt derived fro??heat treatmeqt.

—.
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The present tests shcw wine evidence that surface decarburizaticn
exerts a marked iru?luenca.onfatigue stren@h. This is indicated by the
tests of’surface-ground specimeue and a-rolled specimea.s(see fig. 29),
hut thetest data for the mska.1-aro-weldedspecimens are.insufficientfor
Conclusion. However, the reeults of other investigations of the fatigue
strength of SAE 4130 deel show quite conclusively that decarburization
may be an important factor. This kas little to do with-welding technique,
but is mentioned hers because mcst of the commercially supplied aircraft
steel of the 4130 tyye is decarburized to some dsgrae at the surface.
Since the most critical.stress coucentratlcim in welded aircraftisteel
parts are often at the surface, adjaoent to welds, the added influence of
the decarhurized layer with its lower inherent fatigue strength should not
be everlookad in a coneideratlon of fatigue behavior.

I?attel.leM3morial Institute, ...
Columlus, Chio, May 1944.

.,
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TABLE 1. PROPERTIES OF l/S-INCH SAE 4130 STEEL SHEET (1)
USED FOR METAIrtiC BUTT WELD

TEST SPECIMENS
iENsIoN AND FATIti.

I---+& d Conr
Mn

Isitior
P

Per Ce
s

d.w
Si

.s)
MO

0.47

.471-
0.31

.32

0’ 0.017 0.25 0.94

●95

0.21

.23.023
I

●020 .26

1

Mechanical Properties

f
Yield Strength,

p.s.i.
Ultimate Tensile Elongation,
Strength, p.s.i. $ in 2“

Rockwell B
Hardness

81,400 * 92

(1) Hot-rolled:noxmlized and drawn to strength shown.

..-

. . ...
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~ l/S-IIJCH SAE 4130S= F’OES~IC

!l?msIasl!cm

Electrode Used Initial Welding Heat
- core Plate Direct Ourrent, sped, tieatment

!l?est Mare. , Temp. Welding
Eadiograpb

Electrode Eegative’ In. /lLin.
No.

After Shovn in
Kind Inches OF. Position Amperes Arc volts (1) Melding Figure.:

419 Wilson 520 (2) llg rlat
420

11o-115 19-21
lfa z

7
Mtto

None
Flat 1o5-11o / 20”22 #

421 m 3f3z ‘:
;

Vert. (up) 70-75 21-23 0
422 m 1/8
419

; olh~ lcwj-llo lg-21 ,-
* lJa mat

-;

420
110-115 19-21

II 1/6 3E
7 ~(k)

Flat
421

10>110 20-22
e

a 7
3!32 ; Vert. (up) 70-75 =-23 6 u

422 a
g

1/8 ol~ 105-110 19-21 W 9

42< Plenewela#l (3) 1/6 Ftit 105-1I.O
426

20-22 6 Ifone 10
Ditto L/6 g Flat 90-95 20-22 7 B

42
U

i :
1/8 Vert. (up) q5+0 1s-20 *

42
12

1/6
425”

g ol~ 95-la) la-a !
m 1/6 Flat lofj-llo 20-22 ;(4) :$

426 I/g g ;

${ I

90-95 20-22 II 15
lja 70 VeY(up) 85+2 16.20 u 1.6
l/a 70 o,~~ 95-100 ls-21 ? II 1~

(1~ .’!1 —--a.”.-.”” --72...s “.-...1 1-

(2) AWS olass E6013; plain -bon eteel deposit.
(3) AlloY alrctit type: alloY eteel deposit.
(b) Quenshad in oil after 3(Itin.at 1600-l@@F. : drawn 30 min.at 100WF.

Undereach of the 16 welding conditions
a weld made in a contlnuoue pass, end four
of the weld. (oee detail, Mgure 1)

8bOVf2, eight f kat t eneion spesimena w= e preprad. Four epeclmens had
were made with a weld interrupted by a prolonged arc break in the canter

.m

. .
●
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MEL% 3A. ULTIMATE IWNSIIJS sTRENGTH CUf CQNTINJCUIS AH’D
SIXGIJJ-BEAD BuTT WELDS R? l@MCH SAE 4130

(Data from Figures 2 to 17, inclusive)

0

Position I t Carbo

I I Average Ultimate Tensile Strength, p.s.l. (1)

n Steel Electrode Alloy Steel Electrode
of I Preheat I An weldd I Quam?hc4 ad DYmm I An Vellld Qllemhea alla

I ‘iii -- t cmii~ ““i--iikr. i ‘Cont.
-..-—- — ----— , ,

Welding
-- ------- _.— —— —— —-—..

I Inter. Cent. I Inter. Cent. I Inter.

Flat 70 103,600 w, ax 131,900 113,m 98,700 101,200 ly3, 600

1

146,1

!mlt “300 102,100 82,900 125,200 U?j,300 y3,yM 103,300 153.700 136,6Q0

Vertical 70 102,200 133,600 l~,mo 132.300 103,100 99.200 143,600 130,7

Overhead 70 105,400 gg,w 140,s00 ga,ooo log,400 98,100 160,500 145,100

(1) AVer*e WS of unwelded plate, as receiva!lcomiition,was 97,500 p.s.i. (Mill).
I

107,300 p.s. i. (33MI)



14 NACA TN No. 1261

‘TABLE3B. SUMMARYOF TENSILESTRENGTHDATA

Eleotmode

Carbons$eel
Carbonsteel
Alloyet.ee,l
Alloysteel

Both
Both

Both

Heat

lkeatment

Aa welded
Q&D

A8 welded
Q&D

As ‘welded
Q&D

Both

b8it~OR8
and

Preheat

All
All
All
All

All
All

All

Jointswith
Continuous

W81d8

103,300
137,000
102,300
164,u30

102,800
146,600

124,200

Joint8with
Interrupted

‘tield~

88,400
116,700
100,600
139,600

94,600
3.28,200

111,300

Per CentDecrease
in Tensile 8trength
of Interrupted Welds

15
15
2
9

8
12

10

.

!PABLE3C. LOOATIONOF STATIO-TENSIONFRACTURES
IN BUTT-WELDEDSPECIMENSIN l/S-INCH

SHEET

(See also Figure8 2-17, inclueive)

e

Number RelativeNumberRelative percent~f
Heat of

Character
of Fractures: of Fractures:

Treatment Ten8ion in in
of Electrode After !l!e8t8Parent in P~ent In

Weld used Welding Made Plate Weld Plate weld

Carbon 16 6
Cent-

~ 62
Steel QA: D 16 R

GRE’us~ :io~ -- ‘-w-- --lG-- -1!--’ “--4- -75--- --:;
Q&D 11 2----- 9.- M m----. ---- ---- --- ------ ----

Allcondition 59 ~ 39 * 66

Carbon 16
Inter-

16 0 100
Steel QA~ D lfJ : 15 0 la)----- .---- ---- --- ----- ----

2UL!Z! gy - 16 4 12 25
Q*!D 16 0---- d ----- 16 0 1$---- ---- --- ----- ----

AU conditions 63 4 59 6 94

.
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. .

bet

nmber

52b (-1 to-6)

5!34 (-7 to-12)

5s5 (-1 to -6)

545 (-7 to-12)

yb (l, 2“, 3)

X(% 5, 6)

524(7, 6, 9)

@(lo, 11, 12:

!!ABL2 h. UHJHJO DATA FO!i 0011TIBIKU2 MT IliT212UOJPTE&W BIPE-Wlllrd

IE l/2-InoE iw 4130 Smm (1)

&p. of Weld

I I
Weld

Joint (2) IleinforGnwnt Mad

Two-had, oontimlOM. Flu#h

No-bend, c0atinuou8. run

cantlmunsrfmt
ti-ixad, Interrqtad fnca. rlueh

9iz@e-bemi, continncw. I rluah

9ingle-twui, lntmmptmi. Im
sir@e-bemt , interrupted. Flumh

(Root +1
WJe f!?

{
bot +1

Face #2

{
mot #l

ram #2

{
Root +1
Pam +2

hoe *1

Fnae +1

Face +1

Face $1

Xleotrode
Diem. ,In.

5/64
1/6

5/f3
qa

5/6b
l/il

5/64
1/6

1/s

1/6

l/lJ

I/g

(1) For ti~iml @si. see Mile 1.

(2) All welding mmml mtal.acc., wimg Wilson ~ .leetrodm (A!4S WM. E&J13);
wldn mada inflat psitlou, with initi?.1 plate teupwdme 30fPF.
All ~tus mmm.lixcd lxfore welding: no heat treatmant titer w$lding.

Bor groove details me. ~ignm 19.

Ii # ,,

---m
(malt

Ampnw

W5
m+

l@5
*9O

LOJ!5
23-90

w
85-90

70-75

70-75

71L~

7&75
—

Cnvkat
Q!E#wd-
ArO volts

&22
20-22

20-22
20-22

izQ-22
2Q-22

2042
20-22

20-22

*22

20-22

20-22

$+2

lH/2

4

4

2adi0@@9

in

?iEnrw

21

20

23

22

24

25

26

27



Tbl?LB5. ?AFIOUS STSEEO~UF CCWI!iUWS~.~EITTHILIE

111 l/s-LscE q Mm SzEm

weld

Test &p*
I-&T

Scot ion, Rewerned Betiing

Uo.

Cwl::o

Weld fig. 19 Stress, p.s. i. Looatlon of Mlure Figure :

yihq 57CWJ ha of 2rd weld bead.

-2 Contloumla, 51,200

-12 2-lwad ,
$:g Ditto

L2roup 1 51.SCNI m 21
.-9 reinforced. %,3(H) l@:CGU *
..10 37,000 2&l& m
:11 26, 6!3) J

m

5@+-6 62,023 Uaeffeoted plate (2).
-5 COntirolm , 57,500 Z5:%’ hsion sone (= bead).
-1 Z-bed, Group 2 51,m3 175,m Center of veltl. 22

flneh. ~5,300 mo,ooa
:;

fision zone (2nd bend).

-4 “

37.m3 2,116, mIo ‘ Center of weld.
28,6WI 7,=3.000 So failure.

%?1 Interrupted,

62,100 Toe of M weld bead.

5?. 5~ Fb:&:ti( 1) Ditto
-7 2-bead, Group 3

?;;%
#

-8 reinforced. 5b:0m
23

m
-10 ~t~ ?lo record(l) m

-K * W, Owl s

5s5-6 57!500 123,01m Canter of weld.

2 R%”*” Group 4 ?:%
155,000 D:tito

● 2b

-J flueh, ;~.~ %:% ●

-1 ●

-2 19JO0 4,%% m failure.

~ y&mas,
?j:g

UXJ,om Toe of weld lm.ad.
Croq 5 147,ml

-3 r8inf&oed.
mtto 25

2,99kOW
5s6... patattume,

i% ~:@& a

100 COO Un&f ooted plate(2).

kq 6 mtto .26
-5 &.*. ‘ 45,03 ●

5m5-L3 Interrupted,

-9 l-bead , Group 7 %% $;E
Toe of :el&bead.

=7.
-7 Hioforoed. 370~ 61b,rm -’

W3A: ptm!&l@ed,
qg

Cantor of weld.

: , Group 6
-11 flueil. ‘

Mtte 2s
2, #

,.. --- .,-— --...—. ,–——1 —.——.-— .-. .- --- . ... .

.
I



NACA TN No. 1261

.-

Fig. 1

CONTINUOUSWELDS INTERRUPTEDWELDS
X=FINISH AND START OFWELD

80-9Q0 (CRATER)

SAE4130SHEET

d5i22iEE;;ii” --
. 1.CLOSED ROOT

WELD JOINT DETAIL

FIGURE l–

BUTT-WELDED SPECIMEN FOR STATIC TENSION TESTS
OFJOINTSWITHCONTI NUOUS AND INTERRUPTED WELDS.
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17469
Figure Z.—Radiographofmetal-meweldedstatictensionspecimensh %-inchSm 4130ah~. .

Four specimq at left made with continuous w~d.

Four specimens at right made with interrupted weld (in-

cludes fiwk.h and start”of weld bead).

Ultimate tensile streng@ p. s. i., shown for each specimen.

Transver= lines hdieatelocation of fracture.

Ted No. 419:

Weld joint: Single-layw weld in 90° single-we groove; no

root clearance; no backing; manual weld.

Electrode: +&inch carbon steel; 110-115 ampsc’ea; 19-21

volts; negative direct current.

Speed: 7 inches per minute.

Position: Flat,

Initial plate temperature: 70° F.

Heat treatment after welding:

Reinforcement ground flush,

Aa welded. “@J
~
N
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Figure 3.—Radiograph of metal-arc-welded static tieion specimens in 1~-inch SAR 4B0 sheet.
17469

Four specimens at left made with continuous weld. Ted No. 420:

Four specimens at right made with Merrupted weld (in- Weld joint: SinglAayer weld in 90° single-we groove; no
eludes finish and start of weld bead). root clearance; no backing; manual weld.

Ultiiate tensile stren~ p. s. i., shown for each specimen. Electrode: +&inch carbon steel; 10 E-11O amperes; 20-22

Transverse lines indicata location of fracture. volts; negative direct currenk

Speed: 8 inches per minute.

Position: Flat.

Initial plate knperature: 300° F.

HeEt. treatment after welding: A welded. W-.
~

Reinforcement ground flush, co

‘i.,



17465
Figure 4.—Radiograph of metal-arc-welded static tension specimens in %-inch SAE 4130 sheet.,

Four specimene at left made with continuous weld. Test No. Ml:

Four specimeneat right made with interrupted weld (in- Weld joint: Single-1ayer weld in 90° singkwee groove; no
eludes finish and start of weld bead). root clearance; no backing; manual weld.

Ultimate tensile strength p. s. i., shown for each specimen. Electrode: ~2-iuch carbon steel; 70-75 amparw; 2?1-23

Transverse lines indicate location of fracture. volts; negative direct current

Speed: 6 inches per minute.

Position: Vertical (up).

hitial plate temperature: 70° F.

Heat treatment after welding: As welded.

Reinforcement ground flusL



~

“’1?462

Figure 5.—Radiograph of metal-arc-welded static tension specimem in +&inch SAE 4130 sheeti
17462

Four specimens at left made with continuous wel~

Four specimens at right made with interrupted weld (in-
cludes finish and start of weld bead).

.Ultimate temeile strength, p. s. i., shown for each specimen.

‘.l%mavema lima indicate location of fracture.

Test NO. 4%2:

Weld joint: Singldayer weld in 90° single-vee groove; no
root clearance; no backing; manual weld.

Electrode: +$-inch carbon steel; 106-110 amperes; 19-22

volts; negative direct current,

Speed: Not recorded,

Position: Overhead.

MM plate temperature: 70” F.

Heattreatment after welding:

Reinforcement ground flush.



1746s
Figure 6.—Radiograph of metal-arc-welded static tension specimens in lfi-inch SAE 4130 sheek

Four specimens at left made with continuous weld. Test No. 419:

Four speeimona at right made with interrupted weld (in- Weld joint: Singldaya’ weld in 90° single-vee groove; no
clucks fmiah and start of weld bead). root clearance; no backing; manual weld.

Ultimate tensile strength, p. s. i., shown for each specimen. Electrode: +&inch carbon steel; 110-115 amperes; 19-21

Transverse lines indicate location of fracture. volts; negative direct current.

Speed: 7 inches per minute.

Position: Flat.

Initii plate temperature: ’70° F.

Heat treatment after welding: Quenched and drawn. g

Reinforcement ground flush. UJ

I
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Figure 7.—Radiograph of metal-ar~welded static tension specimens in +&-inch SAE 4130 sheek

Four specimens at left made with continuous weld. Ted No. 420:

17464

Four specimens at right made with interrupted weld (in- Weld joint: Single-layer weld in 90° singk+vee grceve; no
eludes finish and start of weld bead). root clearance; no backing; manual weld.

Ultimate tensile streng@ p. s. i., shown for each specimem Ekcirode: +@ch carbon steel; 105-110 ampcm?s; 20-22

Transverse lines indicate location of fracture. Volta; negative direct current.

Speed: 8 inches per minute.

Position: Flat.

Initial plate temperature: 300° ~

Heattreatmentsfterwelding:

Reinforcement ground flush.

r.

Quenched and drawn. W
~
4



17461
Figure 8.—Radiograph of metakmwelded static tension spximens in ~&inch S.AJ3 4130 sheet.

Four specimens at left made with continuous weld. Te8t No. 42?1:

Four specimens at right made with interrupted weld (in- Weld joint: Single-layer weld in 90° singkvee groove; no
eludes dnish and start of weld bead). root clesxance; no backing; manual weld.

Ultimate tensile stre~ p. s, i., shown for each specimen. Etectrode: %2-inch carbon steel; 70-75 amperes; 21-23

Tranaveme lines indicate location of fracture. volts; negative direct current.

Speed : 6 inchm IXX XIlkllt.e.

Pcaition: Vertical (up).

Initial plate temperature: 70° F.

Heat tzwalznent after welding:

Reinforcement ground fluak

!.

.

Quenched and dra~ . .%1
~
m
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I [3,600: “

Figure 9.—Radiograph of metal-mvwelded static tension specimens in IA-inch SAE 4130 sheet.

92,400

.,.”.

17474

Four specimens at left made with continuous weld. Test No, .$$?2:

Three specimens at right made with. interrupted wdd (in- Weld jokt: Single-layer weld in 90° singk-vee groove; no

eludes finish and start of weld bead). rcot clearance; no backing; manual weld.

Ultimatx tensile strength, p. s. i., shown for each specimen. Electrode: +&inch carbon steel; 105-110 ampems; 19-22

Transverse lines indicate location of fracture. volts; negative direct current.

Speed: Not recorded.

Position: Overhead.

Jnitial plate tempwatwre: 70° F.

Heat tieatment after welding: Quenched and drawn. ~

Enforcement ground flush.
. .
w
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17473

Figure 10.—Radiograph of metal-arc-welded static tension specimens in ~-inch SAE 4130 sheet.

Four specimens at left made with continuous weki Test No. .425:

Four specirmm “at right made with interrupted weld (in- Weld joint: SingI&layer weld in 90° single-vee groove; no

cludea iinish and start of weld bead). rcd clearance; no backing; manual weld.

Ultimate tensile strength, p. s. i., shown for each specimen. Electrode: +&inch alloy steel; 10EL11O amperes; 20-22

Transverse lima indicate location of fracture.
volts; negative direct currenti

Speed: 6 inches per minute.

Position: Flat.

Initial plate temperature: 70° F.
%1

Heat treatment after welding: As welded.
-.
p

Reinforcement ground flush.
w
0

1.
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17466
Figure Il.—Radiograph of metal-arc-welded static tension specimens in +&inch SAE 4130 sheet

Four specinmm at left made with continuous weld. Ted No. .42?6:

Four specimensatrightmade with interrupted weld (in- Weld joint: Singl+lWer weld in 90° singlwme groove; no
c.ludes fmiah and start of weld bead). root clearance; no backing; manual weld.’

Ultimate tensile stiength, p. s. i., shown for each spximen. Electrode: +@nch alloy steel; 90-95 amperea; 20-22 volts;

Transverse lines indicate location of fracture. negative direct current.

Speed: 7 inches per minute, .

Position: Flat.

Initial plate temperature: 300° F.

Heat treatment after welding: As welded.
~

Reinforcement ground flush.
#
#

i“
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17460
Figure 12.—Radiograph of metal-arc-welded static tension specimens in +~-inch SAE 4180 sheeti

Four specimens at left made with continuousweld. Ted No. 439:

Four specimens at right made with interrupted weld (in- Weld joint: Singh+lager weld in 90° single-we gmxwe; no
eludes Msh and start of weld bead). root clearance; no backing; manual weld.

Ultimate tensile strength+ p. s. i., shown foreach specimen. Electrode: ~-inch alloy steel; 85-90 wnperes; 1S-20 volts;

Transverse lines indicate location of fracture. negative direct current.

Speed: 6 ineheE per minute,

Position: Vertical (up).

Initial plate temperature: 70° F.

Heat lmatment after weltig: As welded.

Ikinforeement ground flush.

1



Figure 13.—Radiograph of metal+rc-welded static tension specimens in 1~-inch SAE 4130 sheet.

Four specimens at left made with continuous weld. l’e8t No. 424:

Four spsximene at right made with interrupted weld (in-

cludes finish and start of weld bead).

TJltiiate tensile strength, p. s. i., shown for each spximen.

Transverse lines indicate location of fracture.

I

!.

‘i

T ,,,

J!i
,.,f
,,

17471

Weld joint: Single-layer weld in 90° single-vee groove; no
root clearance; no backing; manual weld.

Electrode: %-inch alloy steel; 95-100 ampem; 1S-21 volts;
negative direct current.

Speed: 7 inches per minute.

Position: Overhead.

Initial plate temperature: 70° F.

Heat treatment after welding: As welded.

Reinforcement ground flush.
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17467
Figure 14.—Radiograph of metal-arc-welded static tension specimens in +&-inch SAE 41S0 sheet.

Three specimens at left made with continuous weld. Ted No. ME:

Four specimens at right made with interrupted weld (in- Weld joint: Singldayer weld in 90” single-vee groove; no
eludes finish and start of weld bead). root clearance; no backing; manual weld.

Ultimate tensile strength, p. s. i., shown for each specimen. Electrode: +&inch alloy steel; 10$110 amperes; 2(K22

Transverse lines indicate location of fracture. volts; negative direct current.

Speed: 6 inches per minute.

Position: Flat.

Initial plate temperature: ’70° F.
w

Heat tzeatment after welding: Quenched and drawn. “-~

Reinforcement ground flush. +
*

::1



Figure l&-Radiograph of metal-am-welded static tension specimens in %-inch SAE 4130 sheet.
17463

Four specimens at left made with continuous weld. Ted No. 4.96:

Four specimens at right made with interrupted weld (in- Weld joint: Singl&layer weld in 90° single-vee groove; no
eludes hish and start of weld head). root clearance; no backing; manual weld.

Ultimate tensile stren~ p. s. i., shown for each spdmen. Electrode: +$-inch alloy steel; 90-95 amperes; 20-22 volts;

!t’rausveree lines indicate location of fracture. negative direct current.

Speed: 7 inches per minuta

Position: Flat.

Initial plate temperature: SOOO F.

Heat, trea?ment after welding: Quenched and drawn. $

Reinforcement ground flush. +
m

I
—
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F‘igure 16.- -Radiograph of metal-arc-welded static tension specimens in %-inch SAE 4130 sheet.

17470

Two specimens at left made with continuous weld. Test No. bti:

Four specimens at right made with interrupted weld (in- Weld joint: Single-layer weld in 90° singlwwe groove; no

eludes finish and start of weld bead). root clearance; no bating; manual weld.

Ultimate tensile strength, p. s. i., shown for each specimen. Electrode: ~-inch alloy steal; S6-90 amperes; 16-20 volts;

Transverse lines indicate location of fracture.
negative direct current.

Speed: 6 inches per minut%

Position: Vertical (up).

Initial plate temperature: 7’0” F.

Heat treatment after welding: Quenched and drawm ~

Reinforcement ground flush. +
a
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460,000

i
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Figure 17.—Mdiograph of metal-sr~welded static tension specunens in +&inch SAE 41S0 sheet.

.

,! , ,., i

174’C2

Four specimens at I&t made with continuous weld. T& No. .&4:

Four specimens at right made with interrupted weld (in- Weld joint: Single-1ayer weld in 90° single-vee groove; no
eludes finish and start of weld bead). root clearance; no backing; manual weld.

Ultimate tsmdle strength, p. s. i., shown for each specimen. Electiode: %-inch alloy steel; 95-100 smperes; IS-21 volts;

Transverse lima indicate location of fracture. negative direct current.

Speed: 7 inches per minute.

Position: Overhead.

Initial plate temperature: 70° F. H

H@ heatment after welding:

Reinforcement ground flush.

I

Quenched and drawn. &
#
4

I

I



NAGA TN No. 1261 Fig. 18

.

I CONTINUOUSFACEBEAD (2) I
s

I CONTINUOUS ROOT BEAD (~)
I

[ INTERRUPTED FACE BEAD(2) I

I
.------------

CONTINUOUS W3T-BEAD (i) I

I CONTINUOUS FACE BEAD(1) I

.

I NO ROOT BEAD
I

INTERRUPTED FACE BEAD (1)

,

, NO ROOT BEAD.

I

al-\ e
\\ , ,’

\\ ,’ .
u’

&“.’p
- ,/’

D&3

GROUP 1:WELDEDBOTH

SIDE%CONTINUOUSBEA~

WITH REINFORCEMENT.

QRQUUL SAME As
GROUP i , WITH SUR-
FACES GROUNDSMOOTH.

GROUP 3: WELDED BOTH

SIDES, INTERRUPTED
FACE BEAD,WITH REIN-
FORCE MENT.

GROUP 4: SAME AS
GROUP3, WITH SUR-

FACES GROUND SMOOTH.

GROUP 5: WELDED FROM ‘

GROOVE SIDE ONLY, CON-
TINUOUS BEAD, WITH

REINFORCEMENT.

GROUP 6:
SAME AS GROUP5,WITH
SURFACES GROUND ,
SMOOTH.

GROUP. 7: WELDED FROM

GROOVE SIDE ONLY, IN -

TERRUPTED BEAD >WITH
REINFORCEMENT.

GROUP 8. SAME AS GROUP
7, WITH SURFACES
GROUND SMOOTH .

.

FOR ALL GROUH, JOINT WAS 90- DEGREE slNGLEr VEE BUTTtCLOSED ROOT,WITH

ALLWELDING DONE IN THE FL AT POSITION. F-OR JOINTS WELDED FROM BOTH SIIXS

THE ROOT BEAD, I , WAS WELDED FIRST, FROM THE ROW SIDE.
.

EIG,URE 18 ‘DETAIL OF WELD JOINT IN 1/’8- IN,CH STEEL RATE SPECIMEN FOR - -

BENDING-FATIGUE TESTS.



NACA TN NO. 1261 Fig. 19
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FIGURE 19-SPECIMEN AND TEMPLETFOR PLA TE BEIVDING-FA77GUE TEST

.
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29261

Figure20.—Krouseplate-bendingmachinewith-weldedspecimeninplaceforfatiguetest.
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All fatigue failunx at toe of face bead;

no internal defects.

Figure 21.—Radiograph of two-bead, continuous, reinforced welds in %-inch SAE 4130 steel al-wet (Group 1).



.

29139
Failure in weld; Failure in fusion zone; Failure in weld;

no internal defects. no internal defects. no internal defects.

Figure 22a.—Ra(liograph of two-bead, continuous, flush weldsin?,@chSAE4130 steel sheet (Group 2).

.

I



. . .

No fatigue failure;
29142

Failure in fusion zone; Failure in plate;

no internal defeets. no internal defects. no internal defects (black spot

at left is film defect).

Figure 22b.—Radiograph of tw~bead, continuous, flush welds in IA-inch SAE 4130 steel sheet (Group 2).
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291~1
AU failures at toe of face bead;

no internal defects visible.

Figure 23a,-Radiograph of two-bead, interrupted, reinforced welds in 1,~-inch SAE4130 steel sheet (Group 3).
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Figure 23b.-Radiograph of two-bead, interrupted, reinforced welds in +&inch SAE 4130 steel sheet (Group 3).

I
I

ii,.
I Ii

%i-.
w
N
w
D-



. , . .

291.38
Failure in cmter of weld; No fatigue failure; Failure in center of weld;

crater blowhole with one sidewall pit;
transverse crack,

crater blowhole.
small crater crack

(three black spota at left)

are film defects).

Figure Z4a.-Radiograph of tw~bead, interrupted, flush welds in 1~-inch SAE 4130 steel sheet (Group 4).
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29141

Tailure in center of weld; Failure in center of weld; Failure in c.cmter of weld;

crat.a blowhole. crater defect and crack minor crater defect.

Figure 24b.—Radiograph of twc-bea~ interrupted, flush welds in +&inch SAE 4130 steel sheet (Group 4).
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29135
All failures at toe of weld bead;

no root defects or lack of pene-

tration visible,

Figure 26.—Radiograph of singlebead, continuous, reinforced welds in J,&-inch SAE 4180 steel sheet (Group 6).
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AU failure in plate;
no root def ecta, except

one minor defwt in No. 6.

Figure 26.—Radiograpl] of single-bead, continuous, flush welds in ?+inch SAE 4130 steel sheet (Group 6).
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29132
Failure at tce of weld; Failure at toe of weld; Failure at toe of weld;

elongated cratir blowhole and small crater hole and transverse cratar blowhole.
longitudinal crater crack. crater crack.

Figure 27.—Radiograph of single-bead, interrupted, reinforcd welds in J,@nch SAE 4130 steel eheet (Group 7).
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29131
Failure in center of weld; Failure in center of weld; Failure in center of weld;
craterblowhole and crack; crater blowhole. crater blowhole.

minor root defect (X). Crater blowholes not visible on surface.

Figure 28.—Radiograph of singk+bead, interrupted, flush welds in %-inch SAE 4180 steel sheet (Group 8).
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NACA TN No. 1261 F’ig. 29

A: REFERENCE S-N CURVE FOR UNWELOEO l& ’SA.E.4130STEEL
SHEET(NORMALIZED)SURFACE-GROUND BOTH SIDES TO O.08!’
THICKNESS TO REMOVE ROUGHNESS AND DECARBURIZED
SURFACE LAYER,

B: REFERENcE s-N CURVE FOR UNWELDED \&. A.E.4130 STEEL
SHEET (NORMALIZED) TESTED WITH A% ROLLED SURFACE.
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NACA TN NO. 1261 Fig. 30

A REFERENCE S-N GURVE FOR UNWELDED !;’S.A.E.4130STEEL

SHEET (NORMALIZED), SURFACE+ROUND BOTH SIDES TO 0.08”
THICKNESS TO REMOVE ROUGHNESS AND SURFACEDECARBURl-

ZATlbN .
B: REFERENCE S-N CURVE FOR UNWELDED )8 S.A.E, 4130 STEEL
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METAL -ARC BUTT WELDS IN 1~ INCH S.A.E. ‘ -

4130 STEEL SHEET.
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Fig.31

L;:%:,:””&”..,”.,(<f.”::hi.”-;_...,.... ,. . _*

T“””7

Continuoussingle-beadweld
(faceside).

21610
Interruptedtwo-beadweld

(faceside).

Figure31,—Typicalplate-bendingfatiguefracturesattoeofweldbead(face-weldviews).
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NACA TN No.1261 Fig.32 _
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21611
Interruptedtwo-beadWeld

(rootside).
Failureattoeoffacebead. —

Figure32.—Typicalplate-bendingfatiguefracturesattoeofWeldbead(root-weldviews).
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NACA TN No.1261 Fig.33
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21612
A—Interruptedtwo-beadweld (no failure).
B—Continuoustwo-beadweld (failureinplateatchangeofsection).
&Continuous two-beadweld (failureincenterofweld).

FIGURE 33.—Typicalplate-bendingfatiguefracturesin welded specimenswith no
reinforcement
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